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The Flying Coronagraph 


As this issue of Naval Research Reviews goes to press, prepara- 
tions are underway to launch a Navy balloon and two scientists into 
the stratosphere to observe the sun's corona. The flight, sponsored by 
the Physics Branch, Office of Naval Research, will be made in an open 
gondola from The Stratobowl near Rapid City, S. Dak., to an altitude of 
about 40,000 feet. Although at the time this is being written we are too 
early to tell the full story of the event, we can describe some of the in- 
vestigations planned. In doing this, we will assume that the flight has 
already taken place--as it will have by the time this issue of the maga- 
zine is distributed, if all goes according to plan. 





In making their observations of the sun, the crew--CDR Malcolm 
D. Ross of the Air Branch, Office of Naval Research, and Robert H, 
Cooper of the High Altitude Observatory, Boulder, Colo.--utilized the 
"Flying Coronagraph,'' an instrument developed by the High Altitude 
Observatory especially for balloon use. By means of the device, a 
solar eclipse can be simulated, thus enabling the observers to study the 
variationin sky brightness nearthe sun as a function of balloon altitude. 
The data obtained should also yieldimportant information on the distri- 
bution of particulate matter in the atmosphere. 


Although extensive pre-flight ground testing was carried out, a 
number of techniques and components planned for the flight were new 
and thus had to be checked out in the stratosphere before they could be 
considered operational. These included the Flying Coronagraph, a ro- 
tational control system, and special flight clothing developed to mini- 
mize the radiational heat losses in the severe cold of about -60°C. The 
flying Coronagraph has already been discussed, and the special flight 
clothing is described in a separate short article appearing (along with 
picture) on page 32 and the inside back cover. As for the problem of 
gondola rotation, the vehicle was instrumented to obtain quantitative 
data regarding the natural rotational characteristics of the system, the 
effect of the parachute suspension in creating gondola rotation different 
from that of the balloon, and the ability of the rotational-control system 
to maintain the flight scientists in such a position that they would en- 
counter no rotational difficulty in making observations. 


Physiological information (on respiration, heart action, and body 
temperatures) wastelemetered from the gondolato a specially equipped 
airplane which accompanied the balloon on its flight. A Navy flight 
surgeon aboard the plane monitored the telemetered data and thereby 
kept track of the exact physical condition of the balloon crew at all 
times. Pre-flight and post-flight data were acquired also to serve as 
a basis for determining the degree of physiological stress encountered 
during the flight. 


Winzen Research, Inc., Minneapolis, provided its own Sky Car 
open-gondola for the flight and, under a contract with the Air Branch 
of ONR, constructed the polyethylene balloon, integrated the overall sys- 
tem, and conducted the launch. 
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DEPOSITED BY TH 
TED STATES OF AMERICA 


SUBIC 


SUBmarine Integrated Control is the aim of a new program dedi- 
cated to the more effective control of all phases of operation of future 
submarines. It has as an ultimate goal the presentation of all pertinent 
data in such form that it can be used to best advantage by the command- 
ing officer in carrying out his missions. It is envisioned that through 
centralized computer techniques anduse of more efficient display media 
it will be possible to increase the overall effectiveness of the submarine 
while decreasing considerably the size of the crew. 


yn 


In linking man and machine so closely, the designers of the new 
system are having to integrate not one, but five fundamental control 
systems— ships, engineering, communications, weapons, and environ- 


+ mental. Let's look at these systems and see how SUBIC will be applied 
| to them. 


~ 


~ 


~ 
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Ship Control—A central control computer will provide essential 
information for displays and such functions as may be automized. All 
inputs to the computer, such as bathythermograph information, for ex- 
ample, will be so processed as to present a display which is as useful 
as possible to the commander without being the least redundant. Coupled 
with this requirement is the need to reduce the time taken to train men 
to operate submarine controls. To bring about this saving, a "real 
world" type presentation, such as is utilized in the Army-Navy Instru- 
mentation Program (see Research Reviews, July 1958), will be provided. 


Weapons Control—This function includes the detection of targets, 
determination of target locations, classification of contacts, precision 
navigation, and preparation of recommended firing orders for weapons. 
To effect optimum weapons control, a computer capable of accepting, 
storing, and processing all available information on targets will be 
provided. Also planned is a display, in situation-plot form, which will 
continuously indicate the identity, position, and movement of all targets, 
as well as the submarine's own position and movement. 





Engineering Control—Engineering control is concerned with the 
regulation of propulsion power and associated auxiliary equipment. 
SUBIC's goal is one-man control of the main propulsion plant under 
normal conditions. The system will provide for a display indicating 
power-plant operation and status, an automatic means of effecting 
changes in the operation of the plant under changing conditions, and for 
automatic storing and processing ofall data required for these functions. 





Communications Control—To achieve the best in communications 





} control—both within the submarine and betweenthe submarine and other 


ships—SUBIC will utilize an automatic transmitter-receiver; an auto- 


' matic encryption-decryption unit; and automatic information-storage, 
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-processing, and -dissemination facilities. 


Environmental Control—This function is concerned with the regu- 
lation of the submarine's internal environment to insure that all condi- 
tions affecting man's efficiency are maintained at an optimum level. 
SUBIC will provide for continuous air revitalization and for automatic 





; monitoring, detection, and elimination of atmospheric contaminants. 
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\ 
For submarines of the future, sucif 
asthe one drawn above, control sta. 
tions similar to the one sketche 
below are being planned. A keyele. 
ment inthis arrangement isa scree 
on which a "'real world'' presenta. 
tion is made of information the pile? 
requires to control his ship. Such; 
screen is shown at left. On it, tw 
important ocean levels are indicate 
in relation to the submarine's posi- 
tion--the ocean surface and either 
the ocean bottom or "'test depth, 





the level the submarine cannot go below without running the risk of bein 
damaged by the increased pressure. Other information, such as th 
pathway the submarine should follow between these levels, will als’ 


be projected on the screen. 5 
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Falling into this category also is damage control through automatic 
» detection and display of equipment failures. Information concerning the 
; submarine's environment will be displayed in such a manner that it can 
be quickly evaluated and corrective action taken where needed. 


One of the key components of the new control system will be a set 
of display screens. In ship control, for example, one screen will be set 


: up vertically in front of the pilot, and another horizontally. On the ver- 
tical screen, a path-like representation of the course the ship's instru- 


ments indicate it should follow toward its destination will be made to 
appear. With the ship exactly on course, this "pathway" will stretch 
ribbon-like in front of the pilot, just as a road appears when driving a 
car. The background will be a dynamic three-dimensional presentation 
of the ocean and ocean bottom. When the pilot is off course, the path- 
way will appear at one side or below or above him. 


On the horizontal screen will be displayed a map of the area, 
showing the ship's navigational position and the positions of other ele- 
ments of the environment, such as enemy targets. 


The pathway and other pictures displayed on the screens will be 
artificially generated on board the submarine from the same informa- 
tion sources that feed data to the dials on today's instrument panels. 
The bulk of the work required to convert this raw data to simple tele- 
vision pictures will be done by a computer. The computer developed to 
process information for aircraft displays is capable of making 15,000 
computations a second, yet is smaller than a breadbox and weighs less 
than 40 pounds. Similar miniaturized electronic data-processing equip- 
ment will be used in SUBIC, permitting up-to-the-minute tracking of 
contacts and providing the information required for precise navigation 
and weapons firing. 


These features are logically adaptable to the latest submarines, 
whichfeature one-man airplane-type controls, and to both small "killer" 
submarines and large ballistic-missile submarines. The newly com- 
missioned SKIPJACK is an example of the latter type of ship. Whereas 
eight men have been required to maintain control of submarines of the 


past, and three men are required to guide most nuclear-powered sub- 


marines of today, only one man will be needed for routine control of 
SUBIC submarines of the future. As a matter of fact, the new system 
may permit the reduction of the present average 100-man crew of an 
atomic-powered submarine to 12 men. 


The Electric Boat Division of General Dynamics Corporation has 
been selected by the Office of Naval Research to serve as manager of 


' the industry-Navy team working on the development of SUBIC. Target 
| date for placing the integrated control system into operational use in a 


nuclear submarine is 1964. 


The growing complexity of submarines and submarine operations 
and the vital role these ships may be called upon to play in possible 
wars of the future serve to emphasize the importance of SUBIC to 


_ modern submarine operations. With the new system, the commanders 
; of undersea vessels will be able to make their craft respond instanta- 


neously and precisely to changing situations in the ocean environment. 
SUBIC will thus greatly increase the chances that these ships will carry 
out their missions successfully. 





Optical Pumping’ 


A. Bloom 


Varian Associates 
Palo Alto, California 


The effect known as "optical pumping" has no direct relationshiy 
with vacuum pumping, or any other kind of pumping that people usualh 
associate with the word. Nevertheless, it is a phenomenon which ver, 
likely will become of increasing importance in electronic applications 
particularly as they concern certain military systems. This article i 
an attempt to describe the phenomenon in a language as non-technicd 
as is permitted by the nature of the thing, and to discuss the mog 
promising applications. { 


The term "optical pumping" was coined by Prof. A. Kastler, ¢ 
the University of Paris, to describe a certain technique he had invented 
and although the title may perhaps be more meaningful in its origina 
French, it nevertheless turns out to be a fairly good description of whz 
is going on. Let us consider the use of the word "pumping" in its broad. 
est sense: What is the characteristic that may be said to be comma 
to all types of pumps, whatever they may be? It is the following: }’ 
pump is a device which raises a certain kind of matter from a condi. 
tion of low potential energy to a permanent condition of higher potentia’ 
energy. This definition holds for all kinds of pumps we can think of: 
for example, water pumps, compressed air pumps, and vacuum pumps 
It also applies to the optical pump. In optical pumping we raise atomg 
from a condition of low potential energy to a permanent condition 0 
higher potential energy. But to understand the operation of the optica 


pump, we must digress somewhat and consider the isolated sodiury 


atom, the material which is being pumped. 


THE SODIUM ATOM 

An isolated sodium atom is a miniature solar system of elever 
negatively charged, spinning electrons orbiting around a positivel 
charged, spinning nucleus. The spectacular conclusion to which physi- 
cists have been driven by an overwhelming mass of experimental evi-, 
dence is that motions in the atomic scale are "quantized.'' This mean 
that there are only a discrete set of orbits in which the electrons ca, 
move. Furthermore, the axes about which the electrons and nucleus 
spin cannot point in random directions; they are restricted to a discret 
set of directions. Each allowed configuration of orbits and orientatio 
of spin axes is called a "quantum state" of the atom. Each quantur 
state has associated with it a total energy (kinetic energy of motion! 
plus potential energy of the electrons in the electric field of the nucleus 
plus potential energy due to the interactions of the magnetic fields pro- 
duced by the moving electric charges). Thus, when we measure the 
total energy of a sodium atom, we get a discrete set of numbers—ont 
associated with each allowed quantum state. 


, 





*Research on optical pumping carried out by Varian Associates is bein 
sponsored by the Office of Naval Research. j 
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Figure 1 is a very abbreviated energy-level diagram of an iso- 
lated sodium atom. It shows the three lowest allowed values of the total 
energy of the atom, each representing a different quantum state of the 
atom. For the purposes of this discussion we shall call them A, B, and 


' Cstates. Actually, each of these three energy levels is degenerate— 
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that is, under certain conditions each one can be broken down into 
several energy levels. Thus, the lowest quantum state—the A state—has 
three such levels (not shown in figure). The Astate is the lowest energy 
state, or ground state, and all others are excited states. 


When the atom is inthe A state, the electrons occupy the orbits clos- 
est to the nucleus; the spins of the inner ten electrons are paired off in 
opposite directions, and the spin of the outer, eleventh, electron is in es- 
sentially the same direction as that of the nucleus. The three A levels 
become distinguishable from one another only whenthe atom is placed in 
an external magnetic field (see diagram on page 10). Thenthe spin axes 
of the nucleus and outer electron simultaneously assume one of three 
possible orientations with respect tothe direction of the external field— 
all the while continuing to maintainthe same orientation with respect to 
each other. The energy of the atom differs in eachof these orientations, 
so that in a magnetic field the Aline on the energy-level diagram splits 
into three closely spaced lines, called m levels. 


The second line in Figure 1 represents the energy common to five 
states of the sodium atom. All of these states differ from the A state 
only inthat the spinning motion of the outer electronis opposite to, rather 
than the same as, that of the nucleus. When the sodium atom is placed 
in an external magnetic field, the B line of the energy-level diagram 
splits into five closely spaced lines corresponding to five possible 
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Figure 1--Abbreviated energy-level diagram for sodium (not drawn to 
scale). rrows pointing downward indicate transitions between levels. 
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Figure 2— The electromagnetic spectrum. AUDIO t i 
orientations of the combined spin axes with respect ' 
to the external field. These new energy levels are TiON 
also called m levels. 

The next allowed quantum state, called the 
C state, has a much higher energy (Figure 1 is not 
drawn to scale). In this state, the outermost elec- 
tron is moved out to a larger orbit. Although this 
state is degenerate also, its various energy levels + —§—_ 
(m levels) do not play a role in this discussion. 102 ie 

When external influences are removed from 
atoms, the natural tendency of their electrons is to i 
fall into the ground state. If one wishes to raise 
these electrons out of the ground state, he must excite them in som indi: 
way. Suppose, for example, that heis dealing with sodium vapor inacon. sur! 
tainer. He can raisethe atoms inthe vapor to excited states by a variety 
of techniques. One would be to bombard the vapor with beams of elec. 
trons or ions. Another would be to heat it, causing the atoms to mov font 
faster and collide more often. As a matter of fact, at room tempera. a 
ture, sodium vapor in a container already has a large number of atom: one 
in excited states of low energy simply by virtue of the thermal moti THI 
corresponding to room temperature. 

After electrons have been raised to anexcited state, they fall back we 
immediately into the lower energy states available to them. Simultane- _leng 
ously, they emit electromagnetic radiation, which carries off the energy ato! 
difference between the initial and final states. The frequency of oscil- pro 
lation of the electromagnetic radiation is directly proportional to its) whi 
energy. If that energy is large, the atom gives off high-frequency radia. _ inte 
tion, called X-rays. Lower energy transitions result in the emission 0 mus 
ultra-violet light. At still lower frequency is the visible light, and soo ass 
down the scale. pro 

eve 

The various regions of the electromagnetic spectrum and the posi- ato 
tions of three of the discrete frequencies radiated by excited sodium atom: 
are shown in Figure 2. The so-called yellow D line refers to the radia- ‘nes 
tion emittedwhen the atom falls from a C state to an A or B state. It is “ 
the brightest line in the entire sodium spectrum, and the characteristic . 

: ‘ e 
color it gives to sodium vapor lamps can be observed on the highways poo 
where such lamps are used for illumination, and in college physics labo- 
ratories, where the lamps are used for optics experiments. One of the 
other lines in Figure 2 has a frequency of 1,772 megacycles per second, not 
This line, which represents the radiation emitted by the atom when it sta 
falls from one of the Blevels to one of the A levels, can be detectedwith ing 
specialized microwave instruments. Finally, the line at about 10° cycles the 
per second represents the radiation emitted when the atom fallsfrom one the 
m level toanother while the atom is in a magnetic field. Ordinarily, one the 
does not see spectrum lines that are represented by transitions between Thi 
the A, B, and m levels because the energy involved is so small that the lev 
excited levels can be populated just by the thermal agitation ofthe atoms.’ fas 
Thus the radiation takes the form of "heat" radiation and as such is, cel 
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som indistinguishable by a spectrometer from the heat radiation of all the 
con. surrounding apparatus. 
tm The purpose of optical pumping is simply this: It counteracts the ef- 
more fects of thermal agitation and provides population difference between A, 
era, B and m levels. It makes possible the construction of a simple and effec- 
toms] tive spectrographfor observing and using these low-frequency energies. 
oll THE PUMPING PROCESS 
In its simplest terms the pumping process is as follows. Suppose 
back we can irradiate the sodium atoms with light of just the right wave- 
‘ane- length to excite atoms out of the A state and into the C state. These 
ergy atoms, after spending a short time in the C state, have nearly equal 
scil- probability of returning to either the A state or B state. Those atoms 
© its which return to the A state can repeat the process. But those which get 
idia. into the B state are "trapped," because in order to leave this state they 
ono ~=must receive light of a very slightly different wavelength, which we 
3001 assume absent. As long as any atoms are present in the A state the 
process will go on, putting more and more atoms in the B state, until 
eventually the entire population will be in the B state. In this way, 
osi: atoms are "pumped" from one state to a higher energy state. 
oa The thermal agitation process is, of course, in constant competi- 
7 ; tion with the pumping process, so it is really not correct to say that we 
istic get 100 percent of the population in the B state. However, as long as 
vays the light has enough intensity to pump faster than the thermal agitation 
abo. C42 "depump,"' there will be an effect. 
f the The light used in pumping must be of a very special kind, as was 
ond, noted above—it must excite atoms out of the A state but not out of the B 
n it state. A sodium vapor lamp normally produces light capable of excit- 
with ing either state. Fortunately, the sodium atoms to be pumped can, 
cles themselves, provide the delicate light-filtering action needed to make 
one the process work. When light first enters the absorption cell it finds 
one the sodium atoms equally distributed among the various quantum states. 
yee) This means that there are 5 atoms in the B level for every 3 in the A 
the’ level. Correspondingly, light capable of exciting B atoms is attenuated 
ms. faster than the A light, and this results, farther out in the absorption 
h is) cell, in an intensity difference of the type required for pumping. 
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Figure 3--The spectrograph. 


THE SPECTROGRAPH 


So far we have not discussed how we would observe the pumpin 
process. There area variety of ways in which it can be done, but one, 
suggested by H. G. Dehmelt of the University of Washington, Seattle, is 
outstandingly simple and effective. It is to look at the intensity of the 
transmitted light. Since only the "unpumped" atoms can absorb light, a 
system which is 100 percent pumped will be completely transparent ty, 
the incident radiation, quite unlike an unpumped sample. Between these 
extremes are all possible gradations corresponding to various degrees, 
of pumping. Thus, simply by looking at the intensity of the light which 
gets through the absorption cell, we can tell whether or not sodium 
atoms are being pumped and to what extent. 


The complete spectrograph, then, is a device approximately as 
depicted in the sketch of Figure 3. Besides the optical pumping system,! 
it includes a means for irradiating the sodium sample with electro- 
magnetic radiation whose frequency corresponds to the low frequency 
lines which we are trying to observe. For instance, if we wish to ob- 
serve the spectrum line corresponding to transitions between the A and 
B levels, we irradiate at a frequency of about 1,772 megacycles. This 
can be done most conveniently by placing the absorption cell in a cavity 
which is resonant at that frequency. The effect of electromagnetic rad-' 
ation which resonates with the atoms at the spectrum lines is to "de- 
pump" the sample. Thus, if we slowly vary the frequency of the radia- 
tion through resonance we will observe, at the proper point, a sharp dip 
in the intensity of the transmitted light. This is picked up by a photo- 
cell and indicated on the oscilloscope. 

APPLICATIONS 
‘ 

There appear to be two applications for optical pumping that are 

of immediate usefulness—establishment of frequency standards anti 
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measurement of weak magnetic fields (Figure 4). In both of these ap- 
plications we are assisted by the fact that the rf resonances of the sodium 
atom that are detected by optical pumping are characterized by an ex- 
tremely high Q (a measure of the sharpness of resonance). In the case 
of the 1,772-megacycle resonance, the natural Q of the sodium atoms is 
of the order of 10’.* R.H. Dicke, of Princeton University, has shown 


Figure 4--An electrodeless discharge 
lamp employed for pumping rubidium 
vapor in magnetometers and frequency 
standards. Designed for rocket- and 
satellite-borne applications where 
weight and power are at a premium, 
this lamp consumes only three watts 
of power, yet puts out more light than 
earlier lamps requiring ten times as 
much power. The lamp is shown as- 
sembled at right and disassembled 





below. Note rugged and compact 


construction. 
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*If a system has a Q of 107, it means that electromagnetic radiation 
having a frequency which differs from the exact resonance frequency 
by one part in 5 million will excite only half as many atoms as will 
radiation having the resonance frequency. This is sharp tuning! 





Naval Radio Research Station, ! 


Sugar Grove 


Since June 1958, the Navy has been unobtrusively preparing ground 
in a West Virginia valley for construction of the largest radio telescope, 
in the world. When the antenna is completed in 1962, it will be a dish 
600 feet indiameter. The entire assembly will be rotatable 360 degrees, 
in azimuth, and the dish itself can be swung from horizontal to vertical, 


By way of comparison, the present largest movable reflector is 
the 250-foot radio telescope operated by the University of Manchester 
at Jodrell Bank, England. Thus, at 600 feet, the new American "dish" 
will be nearly two- and-one-half times larger in diameter, and nearly? 
six times larger in area of reflecting surface. : 


In addition to the main "'dish,"' there will be several other instal-| 
lations at the new station. Already up and in operation is a 60-foot dish 
atop a small but massively constructed building about a half mile from} 
the main site. It will be used for radio-interference measurements, } 
Scheduled for construction are a fair-size administration-laboratory 
building, to be located (perhaps underground) near the base of the main) 
antenna, and a complete housing development about three miles away. 
This will provide living quarters and recreational facilities for an esti-? 
mated complement of 500 naval personnel and civilian employees. The 
estimated cost-to-completion of the project is $79,000,000. 


Now, what's it all for? Mostly, for communications research,! 
operational use, and for basic research in radio astronomy. 


The communications research will be a continuation and supple- 
mentation of studies extending back for over a decade by the Naval Re-) 
search Laboratory. A landmark in these investigations was the announce- 
ment at Boulder, Colorado, in 1957, by NRL's James H. Trexler, that? 
the Navy had been able to send and, receive discrete signals—readable 
messages—by bouncing pulses of radiation off the moon. That discovery 
was followed by successful transmissions from NRL to California, and 
from NRL to Hawaii, using the earth-moon-earth path. 


The Sugar Grove, West Virginia, site was selected only after’ 
exhaustive studies and surveys. It has the following advantages: It is) 
in a valley of low population density, yet is only about 170 miles by road 
from Washington, D.C. The valley is protected from outside electronic 
interference by 4000-foot mountains, yet the ridges are far enough away 
from the selected site so that the telescope can be trained to within 5° 
of the true horizon on every side. It is off established air routes and| 
away from heavily traveled highways and railroads; there is no heavy ' 
industry closer than 30 miles. It is off the track of hurricanes or tor-| 
nadoes, and has no recorded history of earthquakes. 


Following selection of the site, weather towers were erected and 
meteorological instruments were installed for a two-year check on all 
climatic conditions. Meanwhile, the U.S. Navy Bureau of Yards and | 
Docks contracted with the architectural and engineering firm of Grad, | 
Urbahn, and Seeley to undertake a feasibility study leading to selection 
of an optimum design for the main antenna. The weather conditions 
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proved to be acceptable, and a 600-foot movable structure was declared 
entirely feasible. The design contract also went to the firm of Grad, 
Urbahn, and Seeley, but even before the design was completed a grading 
contract was let, and the first ground was broken about a year ago. 


The building of NRRS is under the direct supervision of the Bureau 
of Yards and Docks, with NRL on hand for technical advice and operating 
specifications. The prime contractor for the construction is a joint 
venture of three firms, the Tidewater Construction Company of Norfolk, 
Va., Peter Kiewit Sons, Omaha, Nebr., and Patterson, Emerson, Com- 
stock of Pittsburgh, Pa. 


NRRS will eventually operate as a separate naval command, but 
during the instrumentation and adjustment phases it will remain a sci- 
entific field activity of NRL. Scientists and engineers of the Naval Re- 
search Laboratory did all of the background research, they established 
the design criteria for the principal installations, and they are charged 
with technical supervision of the Project until it is completed. Later, 
after the station is completely operational, it is expected that consid- 
erable "antenna time" will be available for basic research. So NRL 
scientists will be at Sugar Grove for a long time to come. 


A large radio-astronomy reflector is able to "see" farther into 
space with greater resolution (accuracy) in much the same way the 
200-inch optical reflector has permitted the Mt. Palomar astronomers 
to see distant planets and stars better than ever before. So the new 
600-foot radio telescope, combining enormous size with greataccuracy, 
will be an invaluable tool for basic studies into the secrets of the 
universe. 


NRL scientists, using their present battery of radio telescopes 
ranging in size from 10 feet to 84 feet, have already identified "radio 
stars'' in our own galaxy, and have made temperature measurements of 
the surfaces of Venus, Mars, and Jupiter. They have learned new facts 
about the intensity of ultraviolet and x-ray emissions from the sun and 
its corona. When the Sugar Grove instrument becomes available, these 
studies canbe expanded almost limitlessly to galaxies and radio sources 
billions of light years away. Because the 600-foot reflector will be 
theoretically able to detect radio emissions so faint they could come 
from sources that "'died'' milleniums before the earth was born, it may 
provide new evidence inthe cosmogonic debate as to whether a "'steady- 
state’ universe has always existed, or whether it has evolved. 


Of possibly more practical use, the telescope is expected to per- 
mit a more thorough examination of the ionosphere and its effects on 
the commonly used lower radio frequencies, from 3 to 30 megacycles. 


But just as a construction job, the Sugar Grove Project is well 
worth following. Erecting a movable land structure of such dimensions 
is without precedent, and the exactness of specifications far exceeds 
that of any bridge or building ever designed. Small wonder that men 
not given to superlatives have called Sugar Grove "the engineering 
task of the decade." 


Photographs of the Sugar Grove site, some of the construction 
activities, and the 60-foot dish appear on the next two pages. 
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Two views of the Soviet oceanographic sailing 
vessel SEDOV. The ship is here shown moored 
in Sevastopol, a naval base in the Crimea. The 
picture above is a reproduction of a photograph 
published in Sovetsky Flot, No. 9,Jan. 11,1958. 
The picture below appeared in Sovetsky Flot, 
No. 11, Jan. 14,-1958. 
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Oceanographic vessel MIKHAIL LOMONOSOV inthe Atlantic Ocean. Re- 
production ofa photograph published in Morskoi Flot, No. 10, Oct. 1958. 
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Soviet Oceanographic Studies 
Under the IGY 


Victor P. Petrov 
Professor, Language Division 
U.S. Naval Postgraduate System 


A very interesting report was issued last February by the Special 
Committee on Oceanography of the National Academy of Sciences. It 
included, in addition to recommendations for a program of research in 
oceanography for the next ten years, a survey of what has been done in 
this field in the past. The report says that facilities for ocean research 
are to "the oceanographer what cyclotrons or reactors are to the nu- 
clear physicist. He simply cannot undertake adequate research without 
them.'' Furthermore, the report states that ''Our oceanographic research 
ships are inadequate for the job which must be done. Most of the ships 
are old and outdated. Many are obsolete and should be replaced by 
ships of modern design."" ("Oceanography 1960 to 1970—A Report of 
the Committee on Oceanography of the National Academy of Sciences," 
Feb. 1959, p. 7). 


The above statement is especially important in the light of what 
the Soviet Union is and has beendoing in oceanographic research. If we 
do not step up our own efforts in this field, the Soviet Union may soon 
become the world leader in oceanographic research, judging by the 
amount of money and manpower that country is putting into the field. 
Not long ago, it was reported in Research Reviews that at least seven 
Soviet oceanographic ships ranging in size from 1,500 to 6,000 tons 
are in operation. In addition to these ships are two 12,000-ton ice- 
breakers, which are conducting oceanographic research on the side. 
Our own oceanographic fleet, on the other hand, consists of ships that 
are small by comparison. (Research Reviews, January 1959, p. 3.) 
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What has actually been done and what facilities have been used by} 
the Soviet Government in oceanography under the IGY program? For! 
the answer to this question, let us turn to Soviet literature, which gives 
a clear picture of Russian activities in this field. ; 


The Soviet Union undertook, under the IGY program, to conduct a 
vast range of oceanographic studies. For this purpose it assigned more 
than 30 special vessels to roam the oceans and seas and certain of the 
inland seas, lakes, and rivers. Of particular interest to American 
oceanographers is the role of 14 large ocean-going vessels—virtual 
floating oceanographic laboratories—which were given the task of 
studying the Atlantic, Pacific, Arctic, and Antarctic Oceans, together 
with all the seas adjacent to them. Furthermore, at the close of the 
IGY, the Soviet Navy transferred one of its submarines to a scientific 
institution, which has the impressive name All-Union Scientific Re- 
search Institute of Sea Fishing and Oceanography. This submarine is! 
to be used principally for the study of regions in which Soviet fishing , 
fleets are operating. (Izvestia, Aug. 14, 1958.) Among these large 
Soviet oceanographic vessels three are of more than 2,000 tons water 
displacement, and three of more than 5,000 tons. (Sovetsky Flot, 
Dec. 9, 1958.) oa 


The Pacific Ocean was assigned to the VITIAZ, the flagship of the 
Soviet oceanographic vessels, and the OKEAN. The VITIAZ was to 
cover most of the western Pacific from north to south, and the OKEAN) 
was to studythe northwestern part of the Pacific. Three large oceanog- 
raphic ships—the SEVASTCPOL, EKVATOR (Equator), and the brand- 
new MIKHAIL LOMONOSOV were given the task of studying the Atlantic 
Ocean. The OB was to explorethe Antarctic; in additionto investigating’ 
its waters, scientists aboard the OB were to launch rockets from the 
ship's deck to study the upper layers of the atmosphere. Several smaller 
ships were assigned to other waters. For example, the PROFESSOR» 
MESIATZEV and the POLIARNIK were assigned to the Norwegian and 
Greenland Seas, and the PERVENETZ was sent to the Bering Sea. (The} 
USSR Academy of Sciences IGY Information Bulletin, No. 2, 1957, p. 41.) 
Other Russian ships that took part in the IGY were the AKADEMIK 
KOVALEVSKY and the PROFESSOR DERIUGIN. The former; a vessel 
of the USSR Academy of Sciences Sevastopol Biological Station, was 
utilizedin a study of the Rumanian and Bulgarian coastlines of the Black , 
Sea, and the latter, of the Murmansk Biological Station, was used in an 
investigation of the fish resources of the Barents Sea. (Izvestia, May, 
1, 1958.) 


STUDY OF THE PACIFIC 





The VITIAZ is a formidable vessel of 5,500-ton displacement. 
Originally a cargo dieselship with passenger cabins for 12 people, it! 
was completely overhauled and now can accommodate 137 people, that , 
is, a crew of 64 men and a scientific staff of 73. The cabins are for’ 
one, two, or four persons. The ship has been formally a part of the | 
oceanographic fleet since 1949. 


This specially reconstructed vessel has a number of unusual | 
technical features. It has a fuel capacity sufficient for 18,000 nautical 
miles or 66 days at full speed. Fuel is conserved while many oceanog- 
raphic studies are being conducted, because during these periods the 
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ship usually rides at anchor. This allows the vessel to spend from 120 
to 130 days at sea without entering a port. The VITIAZ has 13 scientific 
laboratories, such as hydrological, meteorological, microbiological, 
plankton, hydrochemical, and others. (Morskoy Flot, No. 5, May 1955, 
p. 20.) Of its many other special features, the following should be 
mentioned: a deepwater anchor, which allows the ship to anchor at 
maximum depths of 32,810 feet; a special trawling installation with a 
52,496-foot steel cable, permitting trawling at any depth; and eight 
hydrological deck winches, of whichfive canbe usedfor studies at depths 
as great as 32,810 feet. (Morskoy Flot, No. 5, May 1955, p. 21.) 








Before the IGY started, the VITIAZ was conducting its regular 
oceanographic studies, most of which have been made inthe northwestern 
part of the Pacific. One of the discoveries made by its scientists was 
that the maximum depth of the Kurilo-Kamchatka Deep is 34,057 feet 
instead of 27,928 feet as previously reported. (Ogonyok, No. 22, May 
30, 1954.) Another was that the southwestern section of the Bering Sea 
is divided into two parts by an underwater range, which was given the 
name ‘Academician Shirshov Range."' (Vodnyi Transport, No. 108, Sept. 
9, 1855.) During one of its regular trips in 1955, the VITIAZ scientists 
discovered that the Hawaiian underwater range continues much farther 
north than was reported previously. In fact, this range joins the 
Obruchev underwater elevation at the spot where the Aleutian and 
Kurilo-Kamchatka Deeps meet. (Vodnyi Transport, No. 123, Oct. 13, 
1955.) 


Oceanographic studies have been greatly spurred by the interna- 
tional agreements which concentrated them as a joint effort under the 
IGY. The IGY officially started on July 1, 1957, and was terminated on 
Dec. 31, 1958, thus lasting 18 months. According to the IGY program, 
the VITIAZ was to make 5 trips in the Pacific, each lasting from 3 to 4 
months. The purpose of the first trip was to study the area between 
New Guinea, the Philippines, and Japan. The next assignment was a 
study of the latitudinal zones of the Pacific (approximately between the 
40th parallels). This was to be followed by an investigation of the west- 
ern part of the ocean to determine the seasonal changes in hydrological 
conditions. The two last trips were to cover the northwestern part of 
the Pacific Ocean. (Sovetsky Flot, No. 246, Oct. 17, 1957.) 











Even the VITIAZ first voyage in 1957 brought some new signifi- 
cant discoveries. For example, an undersea ~nountain peak, about 
16,405 feet high, was found to the north of Marcus Island. It was given 
the name ''Makarov Peak.'' Some very rare cephalopod mollusks of the 
genus Nautilus were trawled in the region of the Molucca Islands. For 
the first time, according to Soviet scientists, samples of diatomic soil 
were obtained in southern waters at a depth of 19,686 feet. Previously, 
these soils were believed to occur only in the Arctic zones. (Sovetsky 
Flot, No. 246, Oct. 17, 1957.) 


The second voyage of the VITIAZ, covering a distance of over 
10,000 miles, took the ship from Vladivostok south along the 174th 
meridian west longitude and back north from New Zealand along the 
172nd meridian east longitude. Many specimens of fishes and mollusks 
were obtained, the ocean bottom at depths of 29,529 feet was photo- 
graphed, and a new trough was discovered north of the New Hebrides 
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The VITIAZ in the 

= Pacific Ocean. Re-} 

ade ¥ production of a pho- 
tograph published in 


-t Ogonyok, No. 22. 
2 A May 30, 1954. 





Side view of VITIAZ and plan views of the ship's upper and lower decks, | 
Reproduction of drawings printed in Morskoy Flot, No. 5, May 1955, ! 
Ship facilities are indicated by numbers, as follows: 1, anchor winch; 
2, trawl winch; 3, oceanographers winches; 4, outboard platforms; 5, 
hydrological laboratory; 6, plankton laboratory; 7, ichtyology laboratory; 
8, geology laboratory; 9, chemistry laboratory; 10, benthos laboratory; 
11, hydrochemistry laboratory; 12, photographic laboratory; 13, mess- 
room; 14, officers quarters; 15, junior scientists quarters; 16, crew 
quarters; 17, crew mess; 18, lounge; 19, experimental workshop; 20, 
hospital; 21, shop. 
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The EKVATOR at anchor. 
+ Reproduction of a photograph 
published in Vodnyi Trans- 
port, No. 24, Feb. 23, 1956. 
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The oceanographic 
| laboratory in the 
SEVERIANKA §sub- 
marine. Reproduc- 
tion of a drawing 
printed in Izvestia, 
No. 194, Aug. 15, 
1958. 





The nonmagnetic schooner 
ZARIA in Leningrad. Re- 
production of a photograph 
printed in Pravda, No. 235, 
Aug. 22, 1956. 








Islands. The trough, which is 20,342 feet deep, was named "'Vitiaz."} 
(Pravda, Feb. 28, 1958.) Soviet hydrographers aboard the VITIAZ also 
discovered that the warm Kuroshio Current in the Pacific has shifted 
185 to 250 miles northward. In addition, a new record ocean depth of! 
35,960 feet was discovered in the region of the Mariana Islands, 
(Izvestia, Apr. 2, 1958.) The deepest point of the Tonga Deep was cor- 
rected by the VITIAZ scientists. They found the correct depth to be 
35,568 feet. Furthermore, they found a number of strong currents at a; 
depth of 3,280 feet. Up tothe present time these depths were considered 
to be very quiet. (Sovetsky Flot, No. 152, July 1, 1958.) 





In addition to discovering another deep in the Pacific (the Vitiaz, 
mentioned above), the ship's scientists made corrective measurements 
of some of the other 17 knowndeeps in this ocean. As pointed out above, 
three of these corrections were made before the IGY began—of the 
Kurilo-Kamchatka, Tonga, and Mariana Deeps. During the IGY they 
determined the correct depths of two others: the Philippine Deep, 
33,680 feet; and the Kermadek, 32,908 feet. (Pravda, Aug. 3, 1958.) 
Another VITIAZ discovery was a submarine mountain peak in the 
Carolines, 797 feet under the surface. This peak rises 13,124 aa | 
above the ocean floor. Apparently it is of atoll origin. The VITIAZ | 
expedition gave this peak the name ''Miklukho-Maklay" for a Russian ) 
explorer of the area in the last century. (Izvestia, Aug. 3, 1958.) All in 
all, the VITIAZ covered more than 62,000 miles of ocean expanse dur- ) 
ing the 18 months of the IGY. In addition, it visited many foreign ports 
in the basin, stopping in Japan, Canada, the United States, New Zealand, 
New Guinea, New Britain, Fiji, New Caledonia, and in other lands. 
(Izvestia, Jan. 6, 1959.) 





Scientists aboard other ships of the Soviet oceanographic fleet | 


working inthe Pacific were concerned with the waters adjacent to Russian ) 


shores. The OKEAN was given the northwestern part of the Pacific to | 
explore. In addition, several smaller vessels of the Soviet Coast Guard ) 
and fishing fleet had scientists aboard. Work conducted on these ships 
was devoted to the Bering Sea, Chukchee Sea, and other bodies of water 
in the region. 


STUDY OF THE ATLANTIC 


Several oceanographic ships were assigned to the study of the} 
Atlantic Ocean. They included the MIKHAIL LOMONOSOV, newest of | 
the Soviet oceanographic vessels; the EKVATOR and the SEVASTOPOL, | 
assigned to the North Atlantic; the PROFESSOR MESIATZEV, the 
POLIARNIK, and several fishing vessels, which were sent to the Nor- | 


wegian and Greenland Sea; and the LENA (of Antarctic fame), assigned 


to study the water and ice exchange in the strait between Greenland and , 


Spitzbergen. (The USSR Illustrated Magazine, No. 8, 1958, p. 49.) 





Perhaps most of our attention should be given to the MIKHAIL 
LOMONOSOV, for of all the ships in the world constructed specially 
for research, it is the most modern. The vessel was built in the Neptun 
shipyard at Rostok in East Germany according to specifications supplied | 
by the USSR Academy of Sciences, and upon completion in August 1957, 
was transferred to the Marine Geophysical Institute. The ship has 16 
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scientific laboratories and accommodations for 65 scientists. Its com- 
plicated equipment includes nine deep-sea oceanographic winches, 
trawling equipment suitable for use at any depth in the Atlantic basin, 
an anchor system which permits the vessel to stand at anchor in any 
depth, and a sounding device that can measure depths up to 40,000 feet. 
The MIKHAIL LOMONOSOV has been conducting studies of the North 
Atlantic between England, the Azores, North America, and Iceland. 
(Morskoy Flot, No. 10, 1958, pp. 20-21.) 


More information on the technical details of the vessel is given in 
the Annals of the USSR Academy of Sciences. Its displacement is about 
6,000 tons. The boat deck has space for one helicopter. One of its depth- 
sounding devices can be used both for vertical and horizontal soundings, 
a combination which is useful for locating schools of fish. The range 
of the ship is 11,000 nautical miles at an average speed of 13 knots. 
(Vestnik of the USSR Academy of Sciences, No. 4, 1958.) Another source 
has stated that, in addition to its helicopter, the vessel has a motorboat 
suitable for several days of independent sailing in the ocean. (Novoye 
Vremia, No. 12, Mar. 21, 1957.) The MIKHAIL LOMONOSOV, which is 
more than 335 feet long and has a beam of 47 feet, was given the task 
of studying the relief of the Atlantic Ocean floor and the geological 
structure of its sediments. Furthermore, it has been studying the cur- 
rents at various depths and tl.eir characteristics, the magnetic fields, 
the salinity of waters, the distribution of zoo- and phyto-plankton, and 
other features. (Priroda, No. 19, Oct. 1957.) 


Two other large oceanographic vessels have been assisting the 
MIKHAIL LOMONOSOV in the study of hydrological cross sections of 
the North Atlantic. They are the EKVATOR and the SEVASTOPOL 
(Sovetsky Flot, No. 283, Dec. 3, 1957). During a month-and-a-half 
cruise in the stormy Atlantic, the EKVATOR completed 49 drifting- 
station studies andanchored 13 times inthe open ocean. (Sovetsky Flot, 
No. 121, May 25, 1958.) 








OCEANOGRAPHIC STUDIES BY SAILING SHIPS 


Besides the moderndieselships mentioned above, Soviet scientists 
have two specially constructed sailing vessels (with auxiliary engines) 
which have been conducting extensive oceanographic studies during the 
IGY. They are the SEDOV and the more famous, non-magnetic vessel 
ZARIA. 


The SEDOV left the Kronstadt base inthe Baltic Sea on September 
25, 1957, and after a three-month voyage across the Baltic and North 
Seas, the Atlantic Ocean, the Mediterranean, and the Black Sea, berthed 
at the Soviet Black Sea naval base at Sevastopol. (Sovetsky Flot, No. 9, 
Jan. 11, 1958.) The oceanographic sailing vessel started on its return 
trip from Sevastopol to Kronstadt on February 27, 1958, with plans to 
conduct oceanographic studies for a period of five months on the way. 
The program provided for the vessel to pass through the Straits of 
Gibraltar and set its course for Madeira, the Canary Islands, and the 
Cape Verde Islands. The ship visited Dakar, crossed the Atlantic to 
Recife in Brazil, sailed north to the English Channel, and then back to 
Kronstadt. (Sovetsky Flot, No. 50, Feb. 28, 1958.) The scientists made 
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oceanographic observations at selected ''stations" in the Atlantic every 
60 or 70 miles. Extensive scientific material was collected during this 
trip, such as data on the distribution of temperatures and salinity of} 
water at various depths and the speeds and directions of currents; also, 

samples of soils were collected from various floor depths, and mor 
than 400 plankton specimens were taken. (Izvestia, Mar. 2, 1958,) The 

ship returned to Kronstadt on June 9, 1958, having covered a distance 
of 8700 miles (Sovetsky Flot, No. 135, July 11, 1958). \ 


i 





More interesting andexciting was the voyage of the ZARIA, which,} 
according to Soviet claims, is the only non-magnetic vessel inthe world, 
This three-masted schooner of 580-ton displacement was built witha, 
minimum amount of metal. It was constructed mainly of wood and such’ 
non-magnetic metals as bronze and copper. The main purpose of the’ 
ship has been to facilitate the study of the magnetic field of the oceans, | 
The ZARIA started its voyage on August 3, 1957, and since that time 
has sailed more than 40,000 nautical miles. It visited ports in England, 
Canada, the Azores, Spain, Albania, the Union of South Africa, Puerto 
Rico, Brazil, Argentina, Uruguay, Australia, Indonesia, Ceylon, and 
many others. During the IGY, it crossed the Atlantic six times. The, 
scientific value of the work of the ZARIA is very significant, for its 
scientists discovered a considerable number of magnetic anomalies in 
the Atlantic. (Vechernaia Moskva, Sept. 25, 1958.) 








Ne 


In addition to its sails, which cover an area of more than 830 
square yards, the ZARIA has a 300-horsepower auxiliary engine. It can 
attain a speed of 6.5 knots under sails, and 9 knots with its engine. The 
ship is 131 feet long and has a beam of 32.5 feet. With its supply of 
water and fuel it can sail 3,500 miles without entering a port. The ves- 
sel is virtually non-magnetic because she carries only about two tons of 
iron and steel, an amount which, compared with the 200 tons of other 
metals with which she was constructed, can have little, if any, influence 
on the performance of the scientific instruments. (Sovetsky Flot, No. 
178, Aug. 3, 1956.) The submerged part of the vessel is sheathed in 
brass. Its anchor andanchor chains are made ofbrass and bronze. The 
propeller shaft is made of non-magnetic steel, while the propeller itself 


and the rudder are made of bronze. (Zoanie-Sila, No. 6, June 1957, p. 
15.) 


_— 








The ZARIA is supposed to conduct a study of ocean magnetism | 
and then complete its voyage in Vladivostok (Priroda, No. 8, 1958, p. 
55). The precise measurements made on the ZARIA will be used to 
correct magnetic charts (USSR Dlustrated Magazine, No. 8, 1958, p. 48). 





STUDIES IN THE ANTARCTIC AND ARCTIC 


Russian oceanographic studies inthe Antarctic have been conducted 
chiefly by scientists aboard the OB, a ship that regularly sails to the 
Soviet Antarctic bases, and also by investigators aboard vessels of the 
Slava sailing fleet. At the same time, oceanographic observations have 
been made in the Arctic from two drifting-ice stations—the ''North 
Pole-6"' and the "North Pole-7."" Scientists on these two ice islands 
have been aided in their work by several oceanographic vessels, such 
as the TOROS and POLIARNIK. Some sources indicated that the 
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LOMONOSOV (not the MIKHAIL LOMONOSOV, but a smaller, older Rus- 
sian vessel) was to join these two vessels for a study of the hydrologi- 
cal and ice regimens of the Chukchee Sea, East Siberian Sea, Laptev 
Sea, Kara Sea, and Barents Sea. (Priroda, No. 8, 1958.) 


The OB has been especially active in oceanographic work, having 
spent 757 days in the oceans, and having made one trip around the 
world. It has studied, in addition to the Antarctic regions, the Atlantic 
and Indian oceans. It has also made investigations of the upper layers 
of the atmosphere. For example, from December 31, 1957, to May 7, 
1958, twenty-two meterological rockets were launched from the ship in 
the southern latitudes. (Sovetsky Flot, No. 286, Dec. 8, 1958.) On Feb- 
ruary 9, 1959, the OB approached the forbidding shores of Queen Maud 
Land and landed parties there entrusted with the task of establishing a 
new Soviet Antarctic base, named the ''Lazarev.'' The Lazarev base 
was to consist of two buildings, which were to be occupied by six mem- 
bers of the expedition this winter. (Pravda, Feb. 16, 1959.) Recent re- 
ports indicate that the Lazarev base (Sovetsky Flot, No. 59, Mar. 12, 
1959) was officially opened on March 10, 1959. 








SUBMARINE FOR OCEANOGRAPHIC STUDIES 


According to the Sovetsky Flot, an official newspaper of the Soviet 
Defense Ministry, the Soviet Navy transferred one of its submarines to 
the All- Union Research Institute for the Study of Fisheries and Oceanog- 
raphy. This navy submarine, named the SEVERIANKA (Northern 
Maiden), has been completely overhauled and specially rebuilt to suit 
the needs of oceanographic studies. The submarine is equipped mainly 
for the study of fish movements in the oceans for the purpose of assist- 
ing fishing fleets in locating schools of fish. However, the ship will be 
used for making other oceanographic observations as well. Portholes 
with thick glass panes, able to withstand high pressures, were placed in 
the hull; searchlights were mounted in such a way that scientists sitting 
in chairs infront of the windows could switchthem on and observe under - 
water life; and movie and still cameras were installed by each porthole 
to enable observers to take pictures at will. Schools of fish are first 
located by the sounding devices, then observed through the portholes. 
The sounding devices operate both downward and upward to locate 
schools of fish either below or above the submarine. In addition, sci- 
entists are able to obtain soil samples from the sea floors while the 
submarine is at anchor or while it is lying at depth. (Sovetsky Flot, No. 
19, Jan. 23, 1958.) 








A TV camera was installed inthe bow of the SEVERIANKA to give 
the observers a "view" of marine life ahead, the picture being projected 
onto a screen inside the ship. The re-equipment of the submarine was 
completed in 1958, and it joined the active fishing and oceanographic 
fleets at the end of that year. (Izvestia, Aug. 14, 1958.) The submarine 
has already made three experimental voyages, the first in the Barents 
Sea and the other two inthe Atlantic. During these three trial trips all 
scientific instruments were tested, such as those used to measure 
temperatures at various depths, salinity, radioactivity of water, and 
speed of underwater currents. (Ogonyok, No. 5, Jan. 25, 1959.) 
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The second trip of the SEVERIANKA was much longer than the 
first one. It started on New Year's Eve and lasted 24 days, 22 of which 
were exceptionally stormy. The results apparently were satisfactory, 
According to the Soviet press, the scientific material already gathered| 
is very valuable. It was observed that at night the fish were very pas- 
sive, almost lethargic, and were not frightened by the submarine. Ih 
the morning, however, they became much livelier and quickly disap- 
peared from the field of observation of scientists aboard the undersea 
laboratory. (Pravda, Jan. 26, 1959; Izvestia, Jan. 27, 1959.) 


What, briefly, does this summary of Soviet oceanographic activ- 
ity during the IGY tell us? For one thing, it leaves little doubt that 
Russia has a first-rate research fleet, and for another, it makes clear) 
that she is rapidly increasing her knowledge of the seas. 


This intensive activity by Russia should spur United States’ ef- 
forts to build up its own ocean-research "forces.'' The report by the| 
Committee on Oceanography of the National Academy of Sciences, men- 
tioned at the beginning of this article, recommends that our present! 
survey fleet of 45 ships, which are mostly of smaller size than the! 
Russian ships, be increased in number to 85 ships by 1970. To achieve 
this goal it will be necessary for the U.S. to construct 70 new ships, 
since 30 ships of the present fleet will no longer be servicable by 1970 
and will thus have to be replaced. 


With the expanded ocean-research facilities which the U.S. is ex- 
pected to have in the years to come, and with Russia's research fleet, 
which will undoubtedly expand also, and with the oceanographic "forces" 
of other nations vitally interested in the oceans—Great Britain and 
Japan, for example—we can look forward to a period of intensive ex- 
ploration of the vast ocean frontier. It is to be hoped, of course, that 
the acquired knowledge will be used by the participants in the same 
spirit as was that gathered during the IGY—for the benefit of all man- 
kind. 





Mr. Skyhook 


Veteran Navy balloonist, LCDRM. Lee Lewis was killed in St. Paul, 
Minn., last month while making a balloon-flight test for Winzen Research, 
Inc. Ironically, Lewis, whohad soared severaltimes to altitudes of more 
than 70,000 feet, was only about three feet off the ground when the acci- 
dent occurred. He was making stability tests in an open-basket gondola 
when a 15-pound steel pulley fell 65 feet, striking him on the head and 
shoulder. He died within an hour. 


With CDR Malcolm D. Ross of the Office of Naval Research (see 
inside front and back covers), Lewis established a new, unofficial world 
altitude record of 86,000 feet for a two-man crew in October 1957, and| 
in July 1958 the two men set anew duration record for stratospheric 
flight by remaining aloft 34 hours and 40 minutes. LCDR Lewis was 
awarded the RADM William S. Parsons Award for Scientific and Technical 
Progress and the Harmon International Trophy (Aeronaut), both for the 
year 1957, 
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‘itt Viewing the Sun from the Stratosphere 
pai On July 11, a large polyethylene balloon carrying a 12-inch tele- 


scope,a 35-millimeter motion picture camera, and a television camera 
was released from Lake Elmo, Minn., for a flight high into the strato- 
sphere to obtain high-resolution photographs of the sun. After the bal- 
loon had ascended to an altitude of about 81,000 feet, its instruments 
went into action automatically, clicking off thousands of pictures of the 
solar disc. The telescope assembly remained at peak altitude for sev- 
eral hours, then was separated from the balloon and returned to earth 
by parachute. It was recovered undamaged. One of the numerous pho- 
tographs obtained during the flight appears on page 28. It is one of the 
best pictures that has ever been taken of the sun. 
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The flight—the third of itskind to be carried out as partof Project 
STRATOSCOPE (the first two took place in September and October 1957; 
see Research Reviews, October 1957)—was sponsored by the Office of 
Naval Research and the National Science Foundation. Project director 
was Dr. Martin Schwarzschild of Princeton University. 
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ci The reason for sending the telescope to such a high altitude was 


1979 get it above the earth's atmosphere, which obscures the view of 
celestial objects. In particular, it was necessary to get it above the 
tropopause, a turbulent layer at an altitude of about 40,000 feet which 
causes fluctuations in refraction of light from the sky, resulting in 





hao "twinkling" of stars and other phenomena. The effect of the atmosphere 

anal on telescope viewing is such that under the best conditions the 200-inch 

: ane telescope at Mt. Palomar can rarely distinguish between two points on 

7 the moon's surface less than 1,800 feet apart, whereas if it did not have 

that to "look"' through the atmosphere, it could distinguish between points 

: only 120 feet apart. 

same 

— For the first time on the July flight a television camera was used 
in conjunction with the STRATOSCOPE system. Its purpose was to give 
astronomers on the ground a second-by-second visual accounting of 
what the telescope ''viewed,"' thus enabling them—by means of a sepa- 
rate radio-control system—to aim and focus the instrument to best 
advantage. 

Paul, 

arch, The TV camera was mounted on the telescope structure beside 

more 


‘© the 35-millimeter motion-picture camera, which supplied a permanent 
4cCl-) photographic record of the observations. The two cameras were linked 
ndola optically by a mirror and shutter arrangement which caused the tele- 
d and scope image tobe reflected during 1/1,000 ofa second once each second 

to the television camera. The TV image was then transmitted to the 

ground during the remainder of the second, completing the job just in 
; (see time for the next brief exposure. In this manner, the ground observers 
world) received on the TV screens a series of images identical to those being 


i: recorded by the motion-picture camera from the telescope. 
neric 
: The third STRATOSCOPE flight was, in essence, a continuation of 


nica!) the series of flights that began in September 1957. That series, called 
or the’ STRATOSCOPE I, will be supplemented in 1961 by a second series, 
called STRATOSCOPE II, which will involve use of a 36-inch telescope. 
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The purpose of this second series of flights will be to examine objects 
other than the sun, such as the planets, galaxies, and nebulae. It will 
also be directed by Dr. Schwarzschild of Princeton University and will 
be supported jointly by the Office of Naval Research and the National 


Science Foundation. 





PROJECT STRATOSCOPE Above, a sun snot as ''viewed" through a 

12-inch telescope from an altitude of 
81,000 feet. Easily discernible in the photograph are the umbra (black? 
center of the spot) and the penumbra (lighter colored adjacent areas), 
The high definition of this photograph makes it possible to study the 
interrelations between the magnetic field of the sun spot and the sur- 
rounding area. In the area of the magnetic field outside the sun spot the 
polygonal-shaped solar granulations appear hazy and with little contrast, 
But in the areas outside the magnetic field (for example, at right edge 
of photograph) they appear somewhat more distinct. The photograph 
covers an area about 40,000 miles wide by 60,000 miles long, which is? 
roughly equivalent to one-half of one percent of the sun's area. 


Top right, some members of the STRATOSCOPE team. Left to right: 
George Brueske, Perkin-Elmer Corp.; Bob Danielson, Princeton Uni- 
versity; John Bahng, Princeton; W, S. Pike, R.C.A.; D. Eichner, Data- 
Control Systems; Lewis Anthony, Princeton; and Dr. Martin Schwarzs- 
child, Princeton. 


Bottom right, the heart of the STRATOSCOPE system. Electronics 
components used to point telescope are shown on frame at left of tele- 
scope. Square box on rear of telescope houses the television camera; 
the film magazine for telescope camera is next to it, with the telescope 
camera just in front. 
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On the Naval Research Reserve 


Two Companies Observe Tenth Anniversaries 
NRRC 9-5 


Naval Reserve Research Company 9-5, Ames, Iowa, observed its _ 


tenth anniversary at a dinner meeting held on April 22. The meeting 


was held for the 26 members, their wives, and guests. LT R. K. Larson, | 
Commanding Officer of NRRC 9-5, welcomed the group and served ag | 


master of ceremonies. 


Special guests included BGEN H. V. Gaskill, USAR, formerly 
Dean of the Division of Science at Iowa State College, who was instru- 
mental in the organization of NRRC 9-5; CAPT W. M. Drane, USN, 
Commanding Officer and Professor of Naval Science of the NROTC unit 
at ISC; CDR K. H. Berkley, USN, Executive Officer of the NROTC unit 
at ISC; and LT C. S. Lardis, USN, Reserve Assistant, ONR Branch 
Office, Chicago. 


LT Larson read a message from CDR E. S. Churchill, USNR, 
Specialist Program Officer, Ninth Naval District. In the letter CDR 


Churchill congratulated the unit on its excellent record and commented ° 


that "the Research Companies of this District have continued to be 
among the most active and best motivated ofall Naval Reserve Special- 
ist Companies." 


NRRC 9-1 


The tenth anniversary of Naval Reserve Research Company 9-1, 
Chicago, Illinois, was observed at a dinner meeting held in the Naval 
Armory on June 23. 


LCDR B. J. Jaskoski, USNR, Commanding Officer of NRRC 9-1, 
presided over the meeting and introduced thetwo guest speakers: CAPT 
J. P. Aymond, USN, Special Assistant to the Chief of Naval Research 
(Research Reserve), and CDR E. S. Churchill, USNR, Specialist Pro- 
gram Officer, Ninth Naval District. CDR Churchill was aformer Train- 
ing Officer in the Research Reserve Program. Also present at the 
meeting were Miss Gwen Thyren of the ONR Branch Office, Chicago, 


who has served for ten years as secretary to the Reserve Assistants, ' 


and Miss Eleanor Kehoe, Training Specialist, Research Reserve 
Program. 


Included among the 33 present members of NRRC 9-1 are six 
charter members. They are CDR Robert L. Burwell, LCDR Nelson C. 
Cuddeback, LCDR John J. Kennedy, LT Sanford M. Linick, LCDR 
Walter E. Peterson, and LCDR Harold M. Piety. 


Company members and guests who attended the meeting were 
presented with an interesting and informative booklet entitled "History 
of U. S. Naval Reserve Research Company 9-1."' The account was pre- 
pared by LCDR R. P. Thacker, USNR, with the assistance of LCDR 
W. E. Peterson, USNR, and LCDR W. A. Bohan, USNR. 
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Shown at the tenth anniversary dinner of NRRC 9-5, from left to right: 
LT C. S. Lardis, USN; CDR O.C. Kreider, USNR, first Commanding 
Officer of the unit; CAPT W.M.Drane, USN; BGEN H.V. Gaskill, USAR; 
CDR K. H. Berkley, USN; and LT R. K. Larson, USNR. 


Shown at the tenth anniversary dinner of NRRC 9-1, from left to right: 
LCDR R. P. Thacker, a member of NRRC 9-1; LCDR B. J. Jaskoski, 
Commanding Officer, NRRC 9-1; Miss Gwen Thyren, ONR Branch Of- 
fice, Chicago; LT C.R. Lardis, Reserve Assistant, ONR Branch Office, 
Chicago; and LCDR W. A. Bohan, a member of NRRC 9-1 











Three Research Projects Completed 


During recent months Research Reserve members have completed 
several research projects as part of company activities. 


The members of NRRC 9-4, Milwaukee, Wisconsin, under the 
direction of CDR H. F. Burr, USNR, finished a study entitled ''Methods 
of Measurement of Sea Temperatures." 


A second investigation—this one bearing the name ''Mechanica] 
Vibrations'"'"—was completed by LTJG John P. Raney, USNR, a member 
of NRRC 9-7, Lafayette, Indiana. 


The members of NRRC 8-1, New Orleans, Louisiana, concluded 
and submitted a final report on a study of the Iberian Peninsula. This 
work was done as a part of the regular company drills under the direc- 
tion of the Commanding Officer, LT R. J. Demint, USNR. 





Suit for Aeronauts 


The Navy has combined the century-old knowledge of radiant heat 
transfer with the new technology of metallized fabrics in designing a 
lightweight, high-insulation garment for high-altitude balloon flights, 
The suit was to be worn for the first time ona balloon flight early this 
month by Malcolm D.Ross of the Air Branch, Office of Naval Research, 
and Robert H. Cooper of the High Altitude Observatory, Boulder, Colo. 
The two men, shown inthe photograph at right wearing the new cloth- 
ing, were to comprise the crew of an open-gondola which was to be 
lifted by balloon froma point near Rapid City, S. Dak., to an altitude 
of about 40,000 feet for the purpose of making observations of the sun's 
corona. A description of the investigations that were to be conducted on 
the flight is given on the inside front cover. 


The primary insulating assembly of the garmet consists of two 
rubberized fabrics which have been coated with a very thin aluminum 
film and arranged so that a spring-like plastic spacer holds them 
apart. The aluminum surfaces are arranged so that they face each 
other with the spacer in between. This design provides spacing for 
good insulation and reduces heat transfer by radiation. In the rarified 





me 


air of high altitude the assembly works somewhat like a thermos bottle, | 


Laboratory analysis shows thatthis materialhas about the same insulat- 
ing value as conventional woven or fur-like materials, but it weighs 
only about half as much. 


The unusual appearance of the garment stems from the fact that 
the outside is also surfaced with a bright aluminum film. This metal 
film serves a twofold purpose. During the daytime the metal surface 
reflects the sun's heat, which is intense at high altitudes, thereby keep- 
ing the wearer morecomfortable. At night, on the other hand, the metal 
surface reduces the loss of radiant heat from the man to the cold sky. 


The garment was developed by the Clothing and Textile Division, 
Naval Supply R&D Facility, Brooklyn, N.Y. 
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The Navy's new lightweight, high-insulation garment designed for wear 
on high-altitude balloon flights. The suit was to be tested for the first 
time ona balloon flight early this month by the two men shown in the 
picture--Mr. Robert H. Cooper of the High Altitude Observatory, Boulder, 
Colo., and CDR Malcolm D. Ross of the Air Branch, Office of Naval 
Research. See facing page and inside front cover. 





IN THIS ISSUE 


A new control system for submarines—one which may 
permit the reduction of the present average 100-man 
crew of an atomic-powered submarine to 12 men—is now 
under development by the Navy. 


Optical Pumping 
In optical pumping, atoms are raised from a condition 
of low potential energy to a permanent condition of 
higher potential energy. The process, described here, 
is likely to have important future applications. 


Naval Radio Research Station 
In a West Virginia valley surrounded by 4,000-foot 
mountains, the Navy is building a radio telescope 600 
feet in diameter. When completed in 1962, it will be 
the largest movable reflector in the world. 


Soviet Oceanographic Studies 
Under the IGY................. Victor P. Petrov 


Translations of Soviet literature on oceanographic 
investigations made and facilities utilized by Russia 
during the IGY reveal that country is making a large 
effort to increase its knowledge of the seas. 


Viewing the Sun 
from the Stratosphere 


Last month a camera-telescope combination was sent 
to an altitude of about 81,000 feet to photograph the 
sun. An account of the project, along with one of the 
pictures obtained, is presented here. 
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NAVAL RESEARCH reports highlights of technical progress in research by Navy 

laboratories and contractors and the development of important 
naval research facilities. The magazine is listed for sale by the Superintendent 
of Documents, U. S. Government Printing Office, Washington, D. C. Subscription 
price: $1.50 per year in U. S. and Canada; $2.00 per year, foreign; $0.15 per 
individual copy. Changes of address should be sent to Code 740, Office of 
Naval Research, Washington, D. C. Use of funds for printing this publication 
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A STRATOSCOPE balloon is inflated 
preparatory to lifting a 12-inch telescope 
to an altitude of about 81,000 feet to 
“view” the sun. See article and pictures 
on pages 27 through 29. 








